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Abstract

We view the acquisition of complex systems, products and services a knowledge
intensive collaborative activity. We identify problems associated with knowledge
management in the context of complex acquisition activities involving cross functional
collaborative teams. We map these problems to the characteristics for a knowledge
management system to support acquisition activities. We have developed a prototype
knowledge management systems to support complex acquisition activities such as the
development of information products. The system can be used to capture and manage

tacit and explicit process knowledge involved in complex acquisition activities.



1. Knowledge Management in Acquisition

1.1 Introduction

As we move further into the information age, knowledge is becoming a critical component of
competitive success of organizations [22]. Nonaka [50] observers that as markets shift, technologies
proliferate, competitors multiply and products become obsolete rapidly, successful organizations are
characterized by their ability to consistently create new knowledge, quickly disseminate it and
embody it in their activities. Such knowledge utilization is innately a collaborative process [1].
Collaboration refers to informal cooperative relationships that build a shared vision and
understanding. The proposed project views Acquisition (of especially, complex systems, products
and services) as a collaborative, knowledge intensive activity and proposes the development of
models and tools for knowledge management to support acquisition activities.
Specifically, this project addresses the problems faced in the retention and maintenance of
process knowledge that is created in complex acquisition activities such as the acquisition of a
complex computer based system. We define process knowledge as tacit and explicit knowledge
about activities, steps and procedures. It is based on the premise that current acquisition
methodologies do not adequately address the capture and use of this knowledge. As much of the
formal and informal knowledge along with the context associated with it, is lost after the process
is completed, acquisition teams are unable to leverage knowledge actualized by earlier teams. We
propose the creation and use of a repository of information and knowledge derived from sources
such as recorded decisions, text documents, images, audio and video, specifically relating to
collaboration within teams.
The discussion is structured as follows:

» Definition of knowledge and identification of the various types of knowledge involved in an

acquisition process.

* Role of Knowledge Management Systems

* Role of acquisition as a knowledge intensive activity

» Knowledge Management in Acquisition with emphasis on

* Need for Managing Knowledge in Acquisition

»  Characteristics of complex Acquisition Processes

*  Problems in complex Acquisition Processes
The above discussion is used to elaborate on the two important components of the current project.



First, this project seeks to develop a ¢ mprehensive set of requirements for an Acquisition
Knowledge Management System (AKMS). We discuss in detail some initial requirements based on
the survey of current literature. The proposed project will evaluate and refine these initial
requirements.

Second, this project will include the development of a prototype AKMS. The functionalities of such
a system must be based on the requirements identified above. Based on the review of related work,
this project provides a preliminary assessment of the functionalities of the AKMS. These will be
evaluated and refined in the current project. We have identified the development complex
information products as the acquisition activity within which the concepts discussed in this first
chapter will be explored further. Specifically, the functionalities of the AKMS will be discussed in the

context of acquisition of complex information products.

1.2 Background

1.2.1 Towards a Definition and Understanding of Knowledge

Davenport and Prusak [20] suggest that knowledge originates and is applied only in the mind of
knowers (holders of tacit knowledge) and in organizations it is embodied in documents, repositories,
organizational routines, processes, practices and norms. Several researchers [18, 20, 50], define tacit
knowledge as personal, context specific knowledge that is difficult to formalize, record or articulate
or encode. Explicit knowledge on the other hand, can be codified and transmitted in a systematic and
formal representation or language. Nona and Takeuchi [52] reduce knowledge creation to conversion
of tacit knowledge to explicit knowledge. Rug [59] suggests that knowledge management creates
value by actively leveraging the know-how, experience and judgment resident within and outside an
organization. We posit that knowledge management encompasses the activities surrounding the
integration of this knowledge from different sources and in different forms and maintaining it. The
key to knowledge creation thus lies in mobilization and conversion of this tacit knowledge into a
form of explicit knowledge. Davenport and Prusak [20] indicate that some knowledge is complex
and initially tacit, but can, however, be externalized and embedded in an organization's products and

processes.

1.2.2 The Role of Knowledge Management Systems

The development of systems to assist in managing knowledge has been a topic of considerable

interest [51]. Nonaka and Konno [51] suggest information systems can assist knowledge activists



(proponents and champions of KM systems) to serve as catalysts of knowledge creation and as
connectors of present initiatives with those in the future. Tiegland et al. [69] observe that facilities to
capture, reuse, maintenance and transfer of knowledge are essential elements of such a system. They
suggest that such a channel for supporting the demand for knowledge within an organization will be
very valuable [69]. To transfer tacit knowledge from individuals to a repository, Davenport et. al. [18]
suggest support for some form of community based electronic discussion. A key feature that would
differentiate a knowledge management support tool from a project management tool or

organizational memory store is the ability to capture and retrieve uncodified or tacit knowledge.

1.2.3 Acquisition as a Knowledge Intensive Activity

Eder [24] suggests that much of the knowledge in complex activities (such as acquisition of a complex
system involving knowledge about the strategic design approach and knowledge about tactics and methods
for designing) is tacit. Acquisition often involves cross-functional linkages, where different participants
join a team with differing viewpoints. Such teams are often characterized by participants who achieve a
high level of at-stakeness and synergy from their interaction [36] with other team members. Morrison [47]
suggests that this interaction brings in a need to organize, integrate, filter, condense and annotate [46]
collaborative data and other relevant information that these team members contribute. Since a substantial
portion of this knowledge is tacit, we focus on the development of knowledge management tools to support

the creation of internal, informal knowledge repositories containing such knowledge.

1.24 Knowledge Management in Acquisition

Collaboration is the centerpiece of complex acquisition processes. It is essential to distinguish
between collaboration and interaction for the purpose of distinguishing knowledge involved in the
two processes. Collaboration is imperative in knowledge generation and transfer [59]. While
interaction refers to formal, transactional communication links, collaboration refers to informal,
cooperative relationships that build a shared vision and shared understanding needed for
conceptualizing cross functional linkages in new product development contexts [36].

In a well managed development process, a cacophony of perspectives foster creative abrasion, which

Leonard-Barton and Sensiper [42] define as an intellectual conflict between diverse viewpoints that



produces energy channeled into new ideas and products. We observe that to enable a high degree of
cross-functional collaboration, supporting the development of a shared vision and understanding is
crucial. According to Ruggles [59], managing knowledge in collaborative teams allows cross-
fertilization among sources of internal expertise and creates networks of knowledge workers within

and outside the organization.

Need for Managing Knowledge in Acquisition

Davenport [20] suggests that innovation and speed to market that are essential for business success
will become increasingly critical in the future. According to Quinn [54] the intangibles that add most
value to these activities are knowledge centric. Consider for example, the acquisition of a complex
software system. Most such activities are moving towards team based structures, since teams are
believed to increase individual commitment and performance and as Galegher [29] observes, are
more effective in bringing a product to the market in a shortened time frame. As products and
technologies become increasingly complex acquisition requires the collaboration and skills of several
individuals.

Characteristics of complex Acquisition Processes

A review of literature suggests that collaborative activities such as complex systems acquisition has

several key characteristics that result in a variety of knowledge management problems.

= Short product and process lifecycles : Bettis [6] observes that product lifecycles (especially, with
computer based systems) have significantly shortened thereby compressing the available time
window for recouping the expenses associated with product development [6].

= Cross functional collaboration: In order to respond to competitive challenges, organizational units
have become more closely coupled than in the past, often working in parallel to complete
assignments spanning traditional units [29] and functional areas. Leonard-Barton [42] suggests
that creation of today's complex systems of products requires merging of knowledge from
diverse disciplinary and personal skills-based perspectives where creative cooperation is critical
for innovation

»  Cross-institutional collaboration: Besides spanning multiple functional areas within an organization,

development of complex products also requires bringing together participants from across



multiple collaborating organizations [1]. Expertise and skills might be distributed both within and
outside the developing organization [35]. Davenport [20] suggests that this brings in the need to
facilitate knowledge growth knowledge sharing and dissemination.

Transient existence of teams and high turnover: In large projects, membership in development teams
changes over time and across phases. A major threat to the collective knowledge in organizations
is personnel turnover, since much of this knowledge is situated in the minds of individuals [66].
Carley [10] observes that when there is no repository for knowledge other than personnel,
turnover leads to reduction in the organizational knowledge. Similarly, March [44] observes
growth of organizational code under conditions of low turnover and high socializationProblems

in complex Acquisition Processes

The above characteristics of complex acquisition lead to a variety of problems that suggest the need

for better knowledge management.

Lack of shared understanding: Uncertainties in development processes lead to dependencies among
and between different functional areas and require cooperation to accomplish individual and
joint objectives [64]. Szulanski [67] conjectures that the consequences of this problem are the
lack of absorptive capacity of the recipient, and the inability to contextually understand best
practices in development.

Over reliance on transmitting explicit rather than tacit design information [20, 21, 25, 52]. Nonaka and
Takeuchi [52] have pointed out the importance and value of recognizing and capturing tacit
information — such as know-how, judgment and intuition, which make up a critical component
of information that needs to flow between members collaborating within a team. This highlights
the need for a method to effectively transfer such knowledge in addition to explicit knowledge.
Repeated mistakes: Organizations have been frustrated by reinventing solutions and repeating
mistakes due to their inability to identify or transfer lessons learned from failures from one
location to another or one function to another (Dell,1998). Transfer of knowledge from failed

projects to new ones could substantially reduce the expenditure of resources and effort. Teece



(1998) suggests that innovations in complex systems development involve a considerable degree
of uncertainty and that knowledge about failed approaches is frequently forgotten, resulting in
their repetition..

Reinvention of solutions during product evolution: Another problem in complex system acquisition
teams is that they expend resources into solving problems that might have already been solved
either within or outside the collaborative group. Based on empirical observations in software
development, Ramesh and Sengupta [56] conclude that work groups often repeatedly discuss the
same issues that had been resolved earlier, as there may exist no reliable record of these.

Teece [68] indicates that the annual aggregate 'reinvention’ costs in the United States range
between $2 billion and $100 billion. Court [15] offers support for the suggestion that product
designers often tend to use the incomplete information they already possess, rather than seek
expertise that does exist within the enterprise and external to it.

Skills developed due to collaboration may be lost thereafter Quinn et. al. [54] suggest that professional
know how is developed most rapidly through repeated exposure to the complexity of real
problems. In a project oriented team-based organizational structure, skills developed during the
collaboration process might be lost after the team is broken up and redistributed [56] amongst
other teams or groups working on newer development projects. When a team is disbanded, the
process knowledge acquired by the team is lost and is not available for tasks such as product
modification or maintenance [32].

Ad-hoc teams formed for complex system development are often disbanded at the end of
the development. Team members often get assigned to other projects wherein their functional
expertise is more valued than their knowledge gained during their collaboration with other
functional and technical areas.

Inability to transfer existing knowledge into other parts of the organization [59]: Many organizations face
difficulties in transferring knowledge from one part to another. Gallagher et al [29] highlight the

problem in the diffusion phase wherein team members begin transferring technical data as well



as a sense of ownership to other groups that must manufacture and market the new product.
Maintaining motivation for knowledge transfer at this stage is challenging as all major product
development decisions have already been made and what remains is the completion of product
details.

= Inconsistency in multiple versions of information: Recent research (such as [3, 4, 9, 15]) suggests that an
enabling condition for knowledge creation is redundancy. Redundancy offers an overlap in
knowledge between different groups that promotes cross-functional collaboration. The need for
redundancy, however, needs to be met simultaneously with the need for maintaining consistency
across different versions of information that may be possessed by different team members.

= Evolving assumptions Design decisions made in the process of developing a new product might be
based on some critical assumptions [8], both technical and non-technical. Due to the dynamic
nature of product development activities these assumptions often change [55], necessitating
reevaluation of the decisions that depend on them

= Loss of tacit knowledge [59] tacit knowledge is difficult to articulate in a way that is meaningful and
complete, it is often lost [68]. Teece [68] suggests that the larger the extent to which a unit of
knowledge has been codified, the lower are its transfer costs. Uncodified or tacit knowledge is

not only slow to transfer, but also leads to ambiguities [68].

1.3 Our Approach

1.3.1 Initial Requirements for a Knowledge Management System

The focus of our research is the development of a knowledge management system to support
collaborative acquisition activities. As a first step, we identify the requirements for such a system by
examining the various knowledge management problems faced by the acquisition process. We then
identify general solutions to these problems suggested in the literature. Finally, we identify specific
requirements for a knowledge management system based on these general solution strategies. We
present the above analysis in Table 1. Here, specific system requirements have been denoted by
functionality codes (within {parenthesis}). These requirements are elaborated in the next section.



Table 1: Mapping problems to system requirements to support process knowledge management

Problem faced
by acquisition
process

General solution

System requirements

Over reliance
on transmitting
explicit rather
than tacit
knowledge

[18, 33, 42, 51]

Convert a part of tacit
design knowledge into
explicit, by recording
assumptions and
beliefs [25] [26] [50].

Multimedia capabilities integration {MM} that forces users to
think through the process by articulating dependencies on
cross functionally significant aspects of the design [4, 5, 30] .
Integration with underlying assumptions {IA} [56]. This
would allow for the creation of a strategic agreement between
the various participants.

Multimedia support to capture knowledge that can not be
explicitly codified {IK}. This would facilitate knowledge
transfer and exchange [49, 56]. Support for recording
assumptions {RA} and recording beliefs {RB} [55].

Barrier due to
lack of

Retain context along
with information

The context of each decision [18, 20] in the process can be
captured with each concept {DC}.

absorptive stored.

capacity [65,

70].

Changing team  Divorce knowledge Each team member's augmentation to the design discussion
membership from the holder, process is captured in the deliberation records {DR}.

[18, 20, 31] convert to explicit

Repeated knowledge

mistakes [68];
Reinvention of
solutions

[68].

Capture past design
experiences in a
manner useful for later
reference during
design processes.

Design information from past projects {DP} and current
projects {DN} is accessible to the present team. Such
information is available both for past and ongoing projects
throughout the enterprise by means of a distributed workspace
enabled by a communications network {NE}.

Create well indexed
knowledge of similar
problems faced in
earlier groups and
teams.

Design knowledge - both formal and a part of the informal -
from past projects {DP} {DN} is readily available and
captured within the system. Ad-hoc retrieval of informal
information is supported using meta tags.

Shared medium

Shared medium
between cross cultural
team members
provides a common
discussion field.

Shared medium {SM}; consistently interpretable (across
functional and national boundaries) forms of representation
using icons {Gl} ; retention of credit to the original
contributor (for contribution credit and reward matching), are
supported by the system {AT}

Loss of
collaborative
skills

[54, 60, 61].

Support capture and
reuse of knowledge
created during the
collaborative process
itself.

Collaborative design dialog {CD} throughout the design
process is captured as a process. Such a process can be
replayed or reenacted to reveal the sequential and parallel
activities and contexts of past design decisions {RE}.

Versioning of

Store multiple and

Versioning of process knowledge is supported by the system

information identifiable versions of {VC} [51, 52, 76].
[59, 60]. content at a single
central remotely
accessible repository.
Process Retain dialog between  Preserve antecedent dialog between the members of the design
knowledge the members of the team as a part of captured knowledge {DR}.
might be lost design team as a part
after the project  of captured knowledge
is completed [26].

10



[32].

High Reuse knowledge, Decisions from both the current and past projects are available

Development processes and design {DP} {DN} {NE}. This can potentially reduce the time spent

costs [14] artifacts from past in reinventing solutions and the costs incurred in the process
projects. [20, 23].

Unstated Record assumptions Each decision made in the design process can based on

assumptions made in the design multiple assumptions which are linked {LA} to it [25].

[55, 56] process. Monitor the ramifications of any changes.

1.3.2 Preliminary Assessment of AKMS Functionalities

The development of models and tools to support knowledge management tasks in collaborative
acquisition activities is the focus of our work. In this section, we provide a preliminary assessment of
the functionalities that an Acquisition Knowledge Management System should posses. The
functionalities of the proposed tools are grounded in the “requirements” identified in Table 1. A
primary outcome of the proposed project is the evaluation, modification and refinement of these
preliminary assessments and the development of a prototype system that provides these

functionalities.

Definition of Concept Maps

As a first step in supporting the capture and use of process knowledge for acquisition involves the
identification of the critical components of knowledge. Our prototype system should provide the
ability to define meta models in terms of objects representing knowledge components of interest.
Further, associations among these components can also be represented. Finally, characteristics or
attributes of concepts can also be easily specified. Once a meta model (or a schema) is defined, users
of the system can instantiate these models. Ramesh and Sengupta [35] describe a candidate meta-
model which was derived from our earlier work on new product development activities. In this
model, concepts are knowledge components that can be used to represent the participant's views of
interests, concerns and tasks [40]. A concept may suggest other concepts, elaborate on others, and
even depend on others. A few specializations of concepts were also identified. These include issues,

alternatives, justifications and assumptions. Issues are questions or concerns that need to be resolved
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to arrive at decisions, and alternatives are various answers or solutions to these issues. Justifications
that are for or against these alternatives are also included in the model. Finally, assumptions
underlying concepts are also represented. This model is similar to the Issue Based Information
Systems (I1BIS) model of argumentation [13] that has been used successfully in a wide range of
domains to represent complex problem solving processes. It should be noted that the choice of the
specific meta model is entirely up to the users of the tool. The system should support the definition
and instantiation of any model chosen by the users. Using parent-child relationships (or 1S-A
hierarchies) and treating attributes as first class objects (so that they can have attributes of their own)
complex models can be easily specified. The system should provide a graphical editor/browser to
define and navigate through knowledge components. Context sensitive menus must be provided for

the users to define instantiate, modify, and link objects in the Meta model.

Support for Knowledge Capture

After the meta-model is defined, users should be able to create and modify process knowledge
components and relationships among them using a using the graphical browser/editor. Each user
may invoke the client GUI and connect to the same knowledge base maintained by the server. Thus,
multiple users connected to the same server may conduct "conversations™ in terms of the primitives
specified in the meta-model. In these structured conversations each team member can add and
modify various concepts and relationships among them. They may seek clarifications of concepts
proposed by others. Using this facility the team members can communicate their viewpoints and
expertise [27, 28] and map their views of the problem with those of others. In our example, the users
may propose, suggest, elaborate on various issues, alternatives, justifications and assumptions. These
knowledge components may be viewed (and modified if permitted) by other members of the team.
They may, in turn, respond by proposing other concepts and relationships. With such a conversation,
various viewpoints are exchanged among the members of the acquisition team. Thus the team
members can clearly state their viewpoints, understand the viewpoints of others, map their views to

those of others such that the team develops a shared understanding of the problem being solved.
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Even when the discussions are conducted in the context of structured processes like the
development of a house of quality, our system can be used to capture the process knowledge behind

these activities.

Representation of Context

The larger context in which a participant has developed a particular perspective can be better

understood by others if they have access to the details such as work products, supporting documents

etc. These "sources” may also be available in various levels of formality (ranging from hypermedia

documents to formal definitions). Quinn [54] refers to this as an elevation from know how to know why

(knowing why a given choice was made over another), which he argues, makes a team more flexible

and innovative when faced by a previously unseen problem. The system should support the

specification of a variety of information about concepts that users specify: These knowledge chunks

include:

= What information is represented - including salient attributes or characteristics.

= How this information- is represented both by formal and informal means- relates to other
components of knowledge.

= Who are the stakeholders that played different roles in its creation, maintenance, validation and
use?

= When this information was captured, modified and evolved

=  Where it is represented - in terms of sources that “contain” this information.

= Why a certain concept evolved, or was created.

Links to Sources

An Acquisition Knowledge Management system should the ability to link most of this information as
attributes of any concept. Also, a user can link a concept to the sources that provide additional
information For example, each concept be linked to static documents or to documents dynamically

created by searching the repository of hypermedia documents on the WWW. Further, a context
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sensitive menu may invoke external tools (such as a WWW gateway) to retrieve such documents that
have been explicitly linked to an object, that are indexed with the keywords defined as attributes of

the object and that are considered “similar” (using a variety of search techniques).

Assumption surfacing

The need to explicitly state the assumptions behind concepts has been discussed in recent research.
As described in our meta-model, assumptions and their relationships to other assumptions and

concepts can be captured using our system.

Review of Past Knowledge

The ability to retrace the various steps that were taken in the acquisition process can be very valuable.
This would help the take corrective action when past mistakes are revealed. Further, such a review of
knowledge is also useful to facilitate understanding of decisions, as well as for identifying the choice
points where alternative decisions could lead to different solution paths. The team would benefit
from a review to understand how the knowledge components were defined chronologically. Finally,
the ability to selectively review the history focusing on select aspects of the problem will also be very
useful.

The functionalities of our system to support such a feature should be based on the premise
that a acquisition team may be interested in revisiting a decision process, including the dead ends, in
the same (time) order in which it happened. Such a review is used in explaining the process and

outcomes to new participants or as a training mechanism.

Dependency Management

The meta model discussed earlier provides ability to explicitly represent dependencies among various
concepts such as assumptions. Our tools should include autonomous agents for maintaining
dependencies at different levels of automation. For example, when a concept depends on another,

the agents maintain the semantics of this dependency by propagating relevant properties of one
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concept to another. If a concept depends on an assumption, then the belief in that concept is based
on the belief in that assumption. A major concern is that often the repercussions of changes in
critical assumptions are not well understood, leading to very costly mistakes and rework. The

facilities described here can mitigate such problems.

133 Mapping Functionalities to Requirements:

Table 2 maps the functionalities described above to the requirements identified in Table 1. Here, we
identify the requirements that are addressed by each functionality. The current project will develop a
rich set of functionalities for the Acquisition Knowledge Management system that will adequately

address all of the requirements discussed in Table 1.

Table 2: Proposed System functionalities and requirements addressed by such functionality

System Functionality Requirement(s) based on table 1
Definition of Concept Maps {GI}, {VvC}.{DB}

Support for Knowledge Capture {DR}, {NE}, {SM}, {NE}, {AT}, {CD}
Representation of Context {DC} {NK}

»  Links to sources {MM}

» Informal and Formal components ~ {MM}

Knowledge Access {NK}

Assumption Surfacing {IA},{LA}

Review of past knowledge {DP}, {DN}, {RE}

Agents for dependency management {LA}{TA}
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2 Supporting Acquisition of Information Products

2.1  Introduction

In this section we focus on the acquisition of information products, a complex acquisition activity.
The Internet provides the medium and digital information products (I1Ps) represent elusive
“commodity” that have long been the capital market economist’s dream—a marketspace and the
product with which third-degree price discrimination is possible. An unprecedented surge in the
trade of information products (IPs) has resulted from the widespread adoption of the Internet.
Information products consist of a highly interdependent, primarily intangible package of information.
They cannot be physically inspected before purchase, and traditional trading mechanisms provide no
advantage over electronic ones [1]. The Internet has provided a channel for the distribution and trade
of such products at low overhead costs [1, 2]. When distributed over such a medium, their variable
cost of production and distribution approaches zero, as the product has no physical form (unlike
retail packaged software or non-digital information products). However, their intangible nature also
causes severe competitive market challenges [1, 2] that only worsen because of their low economic
cost of reproduction coupled with high fixed costs [2].

The centricity of knowledge in various activities of post-industrial businesses, including 1S
organizations is well recognized in recent research. Knowledge based activities are increasingly
becoming the primary internal function of firms [3, 4] wherein their competencies are largely
determined by their ability to manage knowledge work and emergent knowledge assets that
eventually drive most productivity gains [5]. Knowledge workers and their productivity are indeed the
most valuable assets of the 21st century organization [6]. We begin this chapter by defining
information products and comparing their knowledge-centricity with that of physical products. Then
we map knowledge-based technology facilitated solutions to the problems identified in earlier. We
then describe a design decision supported system that addresses a select set of problems involved in
complex IPD. We conclude with a discussion of related work, outline the limitations of our work
and planned future work.

2.1.2 Defining Information Products

An information product is defined as a highly interdependent package of information [7] that is
capable of being distributed in digital form [2]. Software engineering products, CD-ROM databases,
print-on-demand services, electronic libraries, electronic newspapers, and Web content are examples
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of such products [8, 9]. In economic terms, the fixed costs associated with their production are high
and the variable costs are relatively low [2]. If left to the market place, the price of an information
product will be low due to its low marginal cost of reproduction. Furthermore, because such
products are experience goods, their pricing is perceived value-based, and not cost-based [10]. If
consumer perceived value is maximized through robust design and maintenance processes,
sustainable increasing economic returns can be generated through self-reinforcing positive network
feedback [7, 10]. These factors necessitate differentiation among information products, as perfect

competition can spell disaster for the producer(s) in the product’s markets [2, 8].

2.1.3 IPD as a Knowledge Intensive Activity

Information product markets are dynamic in terms of growth and the pace of new product
introduction [8]. Development of information products is a knowledge intensive activity [9, 11], and
products in the information industries have high levels of embedded knowledge content [12]. As a
firm gains experience through the development of information products, much of the lessons learned
remain captured as information [7, 13] that is applied i.e. converted to knowledge [14]. As teams in
an organization engage in the development of new products and services, the underlying rationale
used to make decisions at various points in the design process need to be effectively captured and
reused [15, 16] to provide support for decisions in later projects or in the production of subsequent
product versions [17]. Therefore, it is critical to be able to manage and reapply lessons learned and
design decisions made in earlier projects in similar contexts in order to keep the product
competitively viable. Effectiveness management of knowledge associated with the design of their
products and services facilitates purposeful opportunism [17] in their offerings. This necessitates a
closer examination of the role of knowledge in the design process, and mechanisms for supporting it.

2.2 Characteristics of an IPD Design Knowledge
Management System

Following the challenges identified in the preceding section, we examine deliberate approaches for
managing design knowledge to mitigate associated problems. Tracking the history of design decisions
[9] can help information product designers account for changes in design assumptions and evolving
market needs [2]; maintenance of traces for abandoned and interrupted design decisions can help
avoid rework [9]; metadata on past decisions can help designers apply and reuse historical lessons
learned [7]. Our work is based on the premise that if knowledge about the history of design is
captured and maintained, it can alleviate many of these problems associated with IPD. The challenge
then is to represent this historical record in a way that it supports decision-makers involved in the
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development of an information product, and in a manner that is neither obtrusive nor imposes high
overhead resource costs.

As our research is geared towards developing KMS for this purpose, it is focused on capturing
and representing knowledge about the decisions made during IPD process. Recent research
recognizes that maintaining knowledge about just the decisions themselves is not sufficient to foster
shared understanding among IPD participants; the historical context of various decisions must also
be maintained [9].

2.2.1 Mapping IPD Problems to System Goals and Characteristics

Recent research on information products proposes several goals for supporting distributed
coordination and design decision making in IPD [7]. In Table 3, we map these goals to problems
identified in §3, and further translate these goals into enabling technology solutions. These goals are
then used to provide the foundation for our knowledge management system. The first column in
Table 3 describes the goals as described by Fielding et al. [7]. IPD challenges from &3 are represented
by their corresponding codes in the second column. Enabling technologies to support IPD processes

are identified in Column 3.

Table 3: Enabling technology for design decision support in distributed collaborative IPD

Goal [7] IPD problems addressed  Enabling technology for design decision support

Distributed coordination and  {SU}, {RS}, {RM}, {IV}  All of the below
design decision making

Linking artifacts to processes  {LC}, {RM} Links between process knowledge and artifacts

Flexible interaction model {PK}, {UA} Formal and informal media; hyper-media links

and hypermedia services

Distributed annotation {SU}, {RM} Distributed annotation of artifacts with concept maps

Distributed authoring {LS}, {IV} Distributed authoring of process knowledge and
concept maps

Visibility of artifacts over {LC}, {RS}, {PK} Recording of design development history / process

time knowledge

2.3  Toward a Mechanism for Supporting IPD Knowledge

We have developed a design decision support system to provide a variety of enabling technologies
identified in Table 3. The facilities provided by this system include:

* A Web-based collaborative environment in which the various participants can
conduct deliberations leading to IPD decisions

» Facilities for capturing the context in which these decisions are made. Using a
distributed multimedia annotation system, the decisions and the rationale for these
decisions can be linked to the artifacts, supporting documents and other related
information on the WWW.
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» A facility to manage the complex network of dependencies among the various
components of knowledge often thinly spread across the various participants in
collaborative teams.

» A facility for intelligent retrieval of components of design decision knowledge based
on ad-hoc requirements of the various participants.

* A mechanism to maintain the consistency of the captured knowledge so that the
knowledge is current and accurate

2.3.1 Linking Artifacts to Processes

Kline et al. [61] stress the importance of integrating tools for supporting collaborative work within
the context of the work environment. We provide a variety of support mechanisms to address this
issue: We recognize the importance of relating process knowledge to the artifacts that are outcome of
the processes. We provide a model for capturing deliberations in which components of process
knowledge (such as requirements, assumptions, decisions, assumptions etc.) can be captured. For
example, conversations may be conducted using REMAP, a model based on the IBIS argumentation
model [47]. Using our tool, users can not only capture details of the deliberations, but also maintain
links to the artifacts that are the “inputs” and “outputs” of these deliberations. The components of a
deliberation on the production different versions of a CD-ROM IPD can have embedded in them,
links to the actual code (represented in the HTML format). Similarly, a link embedded in the artifacts

can be used to retrieve a discussion related to its creation and maintenance as shown in Figure 2.
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Figure 2: Linking artifacts to processes in temporally distributed, collaborative hyperspace
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2.3.2 Flexible Interaction Model and Hypermedia Services

Design history can be represented in varying degrees of formality. Formal representations can help
automated reasoning, but are difficult to develop in most complex, dynamic design situations.
Whereas informal descriptions help create thick descriptions, indexing, retrieval and formal reasoning
with such information can be difficult. We provide the flexibility to represent process knowledge in
a variety of forms ranging from formal specifications to hypermedia objects. For example, the belief
in an assumption can be represented formally, whereas, the video Zaudio clips of discussions
involving demonstrations of various versions of the IP can be represented using hypermedia.
Depending on the complexity and importance of a decision, the rationale behind it may be captured
at different degrees of detail. Our system provides the flexibility to represent decision rationale at
different levels of granularity or detail. In the simple view, the users can annotate their decisions with
notes and assumptions. In the detailed view, however, they can create a complex network of
requirements, issues, alternatives, arguments and assumptions that were critical in arriving at a
decision.

2.3.3 Distributed Annotation

Boland and Tenkasi [62] argue that it is essential to support explicit representations for exchange of
views and undertakings among distributed team members. We support explicit representation of
ideas and viewpoints using concept maps. These maps can be used by the participants to create
detailed representation of the variables and assumptions used by them in defining problem and
solution spaces. In complex situations, team members may use different variables to describe both
problem and solution spaces. Further, different members of a team may use the same term with
different meanings. The concept maps representing such information can be thought of as
annotations [62] explaining the viewpoints of individual participants that contributed to the
development of the information product. Consider the scenario in which an editorial staff member
proposes a layout of the WWW version of a newspaper that prominently places an editorial segment.
This team member may explain the philosophy behind her design by clearly identifying the variables
she considers important in prioritizing various segments to be accommodated in the newspaper. This
ability to link knowledge about the problems and solutions to the artifacts can be used by the various
team members to created distributed annotations on the information products developed

collaboratively.
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2.3.4 Distributed Authorship

Our tool is based on a client server architecture in which clients may be distributed over local or wide
area networks. The clients connect to a centralized knowledge base to retrieve, define and modify
components of process knowledge and concept maps. This architecture supports distributed

authoring by team members.

2.3.5 Visibility of Artifacts over Time

A major concern with the development of information products is loss of knowledge about the
history of the evolution of information products over time, which leads to many of the problems
discussed in section 3. For example, the current layout of an online newspaper can be best
understood only if the previous versions of the layout as well as the reasons behind the changes
made to the prior versions that led to the current version are readily available. Our system provides
the facilities to capture this information about the history of evolution. By capturing the various
issues considered, the alternative solutions proposed, the arguments supporting and opposing each
of these alternatives and the assumptions behind each of these, the designers can explicitly articulate
the rationale behind the evolution of their artifacts over time. In the following section we describe

our prototype that illustrates these characteristics.

2.4 Design Knowledge Management System

Our KMS provides facilities for defining, browsing and modifying knowledge about history of
development of information products. We illustrate the capabilities of the system using scenarios on

the development of various versions of an online newspaper.

2.4.1 Linking Artifacts to Processes

Consider the situation in which a team of developers is involved in designing the layout of the
newspaper. Several participants contribute to this important decision. They range from the editors in
charge of the various sections such as sports, business, technology etc. as well as functional areas
such as marketing that is responsible for the sale of the paper and advertising that is responsible for
generating advertisement revenues. The discussions among these team members may be conducted
using our tool. Figure 3 shows the results of such a discussion. The discussion centers on the
requirements for designing the front page of the layout. Varieties of concerns or issues that are raised

by the team members include the following:

» Does information about weather belong in the front page?
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» Does information on sports scores belong in the front page?
Each of these issues in turn may lead to more specific questions such as where in the front page will

the weather information be? How much space should be allocated in the front page for the weather
information? The team members involved in the weather section may propose alternative solutions.
For example, a team member suggests that this segment belongs in the banner based on the
argument that it will provide high visibility. This argument is based on the assumption that the target
audience desires such a high visibility placement of weather. Similarly, other team members propose
different alternatives. They also support and/or oppose the various alternatives. This structured
conversation, shown in Figure 3, is conducted using REMAP (an extension of the IBIS model) in
which users can raise issues or questions, suggest alternatives to solving the issues, provide arguments
supporting and objecting to the various alternatives and identify critical assumptions that need to be
explicitly understood. Our tool provides the ability for the users to define any such model of
conversation by specifying the nodes and links that define the legal moves. Figure 3 also shows a
fragment of a discussion on the placement of sports scores. Each of the proposed alternatives has a
direct effect on the final layout to be chosen. Based on the evaluation of the various alternatives (to
be discussed in more detail below) the team makes a decision to choose one of the alternatives. Our
tool provides the ability to hyperlink this decision to the corresponding layout design. Thus, the rich
history behind the choice of the layout is captured in detail and linked to the artifact itself.

A field study [65] established the feasibility and usefulness of capturing conversations such
as those illustrated in Figure 3 in complex information product development activities. However, in
any complex problem solving activity such as information product development will involve the use
of a variety of tools such as groupware systems and email to facilitate informal and formal
interactions, synchronously as well as asynchronously. Integration of our system with outputs from
such sources of knowledge is essential for group cohesive and non-intrusive capture of process
knowledge. As an initial step, we provide facilities for linking structured and unstructured knowledge
components. The capture and maintenance of process knowledge can be very expensive. Therefore,
non-intrusive and easy capture of this information is essential for successful adoption of our tools.
We illustrate such integration with an example on the capture of process knowledge from electronic
mail exchanges.

Figure 4 shows the output of an email exchange among the members of the IPD team. A team
member is reviewing an email that addresses the issue of placement of weather information on the
front page of the newspaper. While using her familiar tool for such exchanges (Microsoft outlook, in
this case), she highlights a portion of a mail message as relevant for the focused discussion that was
illustrated in Figure 3. Notice that the Microsoft outlook window has customized menu options such

as “set connection,” copy to REMAP etc. Our system provides access to knowledgebase containing
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the conversations illustrated in Figure 3 through such menu options from common productivity
tools such as Microsoft office tools. From any of these tools, a user can connect to the
knowledgebase and highlight and copy information in these tools (text, spreadsheets, database tables
etc) and “send” them to the knowledgebase. In our example, the user highlights text corresponding
to the argument about following the competitor’s strategy and sends it to the knowledgebase. In a
subsequent synchronous or asynchronous meeting (with the tool shown in Figure 3) this fragment of
process knowledge can be linked to other relevant pieces to provide complete traceability to the
various components of the discussion. Such a facility, enabling users to work within their familiar
environments but providing the ability to incrementally acquire knowledge about IPD, which is
strongly supported by Klein [63]. Our approach also recognizes the importance of relating process
knowledge to the artifacts that are the outcome of the process. Specifically, various objects in our
semi-structured process knowledge components such as requirements, assumptions, decisions,
constraints etc. relate the deliberations to the context in which they occur. Further, our approach
supports a wide spectrum of representations (from formal to hypermedia) to facilitate the capture of
process knowledge in its most natural and useful form. This is similar in spirit to the call for
representing artifact evolution as a component of rationale advocated in the DICE project [64]. Our
efforts at providing a tailorable environment in which different primitives could be used for
conducting conversations is a first step towards this goal.

2.4.2 Flexible Representation and Hypermedia

In the above scenario, the representation of history behind design decisions was guided using the
primitives of an extended Issue Based Information System model [47, 65]. However, the tool
provides the flexibility to customize the representation in a number of ways. First, simply changing
the schema that represents the nodes and links in the model of collaboration may use a different
conversation protocol. Second, we recognize that a team may wish to represent the history behind
decisions at varying levels of detail or granularity. The discussion in Figure 3 represents a very
detailed model. Instead, the users may switch to a simple model in which only the decision and the
assumptions may be recorded. By providing this flexibility, the tool enables the capture of history at
the desired level of detail. Two-way linking between the artifacts and the design history is provided
by the ability to embed the reference to any specific discussion within any hypermedia document. For
example, various segments of a layout represented in the hypermedia format may have references to
the discussions corresponding to that choice. A user can therefore seamlessly move from the

discussion to the artifact and vice versa.
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The need to represent the context in which decision are made is supported in our model by the
ability to hyperlink any node in the model to hypermedia documents. For example, the alternative to
use a weather strip at the bottom of the page may be supported by the argument that it is the format
employed by a competing publication. A hyperlink to that publication may be created to completely
capture the context in which this argument was made (see Add Node insert in Figure 3).

2.4.3 Distributed Annotation

The tool supports distributed annotation with concept maps. Again, the concepts to be used to help
communicate different viewpoints may be specified by the team members. For example, a team may
use decision variables as the concept of interest. Each member of the team involved in layout design
may describe the various variables that they consider as important in arriving at a layout. Marketing
and Advertising may be interested in attractive design and potential for increased advertising
revenues respectively as their top priorities. The other team members may seek clarifications on these
concepts to fully understand the respective viewpoints. Marketing may elaborate on its choice to
mean the use of color and rich media as enhancing the attractiveness of the design. Similarly, other
team members may use this facility to specify their choices and elaborate on them. This ability to
exchange viewpoints enhances the chances for shared understanding among team members, which is

essential for successful collaboration.

2.4.4 Distributed Authoring

Our prototype KMS supports distributed development of information products with client server
architecture. The clients can be invoked from a Web browser. The team members using the client
interface can connect to a central knowledge server that maintains process knowledge components.
This facilitates distributed authoring of design history and concept maps by the team members.
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Figure 5 illustrates the use of the KMS in conjunction with Netmeeting, a collaboration support

environment. The IPD team is engaged in the discussion on the position of the weather segment in
the front page using the chat utility. A team member who suggests positioning weather in the banner,
shares a Web browser that displays the competitor’s design. Our system complements Netmeeting’s
ability to support conversations and share applications in a number of ways. The essential aspects of
unstructured conversations conducted within Netmeeting, can be captured within our tool in a
semi-structured format. Segments of the conversations can be directly imported into the nodes in our
network of design history. Further, the artifacts themselves can be two-way linked to the contents of
the conversations. As mentioned earlier, the competitor’s Web page can be linked to the argument
and the decision to the layout that displays weather in the intended position.
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2.4.5 Decision Support with Visibility of Artifacts over Time

Our tool provides a variety of decision support aids to not only capture knowledge about the history
of development, but also to maintain the consistency of such knowledge and perform automated
decision support with that knowledge, especially when the context in which the decisions are made
change. Recall that the validity of the alternatives proposed also depends on the validity of the
assumptions behind these alternatives. Simon [66] suggests that all stakeholders involved in the
delivery of a product must be involved from its inception. He gives an example of manufacturing
industries where the failure to consider manufacturability at an early stage usually causes extensive
redesign with a product, thereby causing major delays in production and subsequent delivery [66].
Consider the suggestion to use the banner for weather is based on the assumption that the
customer market segment desires such a high visibility placement. The marketing department may be
asked to evaluate this assumption. If they invalidate this assumption, then the system propagates the
effects of this assertion to invalidate the decision. Similarly, the evaluation of the assumption about
the current interest in the sports segment may lead to the validation of the alternative to use the
banner for sports scores. This ability to dynamically synthesize the layout based on process
knowledge can be very valuable in a variety of ways. For example, two editions of the same paper
produced in different cities may be composed with different layouts based on their specific
conditions (whereas sports may be at the top priority for a city in Southern California hosting a
sporting event, weather may be most appropriate for a city in the north east facing a major storm).
First, the system helps synthesize these designs based on a common and consistent set of design
principles discussed by the team members. Second, when the context in which the decisions are
made changes (which is common in the development of information products like an online
newspaper where new stories of high importance may develop at any time), the system helps rapidly
identify components of the design that are valid. Finally, the history of the development of the
information product is captured in its complete form so that the teams will have access to this
information when designing other versions of the product. Our system supports ad-hoc queries to
retrieve components of this history to support decision-making. For example, a design team may
want to review what the layout looked like when similar conditions existed in the past and more
importantly, why so? The ability to access and reuse such information will be extremely valuable.

2.5 Implementation of the prototype system

The prototype system is based on the REMAP, en environment to support collaborative decision
support and traceability. The conceptual models used in this research were implemented and

validated using ConceptBase, an implementation of the high level conceptual modeling language Telos
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[73]. Telos is based on a first order assertion language and provides facilities for specifying meta-
concepts, semantic integrity constraints and deductive rules. Using meta-concepts, meta models that
represent various classes of knowledge can be specified and instantiated. The language implements
Allen's temporal calculus [74], offering powerful temporal reasoning capabilities. The prototype is
based on a client server architecture and supports group work. Users of the system spread across a
network can communicate with each other through a centralized knowledge server. The server
maintains the integrity of the integrity of the process knowledge components. The system provides a
graphical user interface for communication with the server to retrieve and modify the contents of
the knowledge base. Further, the browser provides links to external tools such as a WWW gateway.

Our prototype system employs autonomous agents for maintaining dependencies at different
levels of automation. For example, when a concept depends on another, the agents maintain the
semantics of this dependency by propagating relevant properties of one concept to another. If a
concept depends on an assumption, then the belief in that concept is based on the belief in that

assumption. Using deductive rules, the autonomous agents propagate these beliefs.

A major concern for in complex acquisitions such as new systems development is that often the
repercussions of changes in critical assumptions are not well understood, leading to very costly
mistakes and rework. For example, the change in the validity of an assumption, for example, can
have serious repercussions throughout the development process. Returning to the scenario discussed
in Figure 5, the critical decision on where to locate a particular section in a newspaper hinges on,
among other things, the assumption about the competitor’s strategy. The decision making process
proceeds with the assumption that the competitor places the sports section in the top part of a page.
Though this decision may be valid now, it may become invalid at a later point in time. When this
occurs, the validity of the argument to place the sports section at the top section is loses support..
When this occurs, the system will be able automatically detect this problem and suggest reevaluaation
of the decision.

Similarly, the dependencies in the network of issues that get discussed, the various alternative
solutions considered and their attendant justifications are captured and maintained by autonomous
agents with different levels of formality. In the simple case, the system warns the user about changes
in relevant concepts on which the concept of interest to him/her depends. In the other extreme,
changes to concepts are automatically propagated. A network of dependencies can be set up among
any concept described using our system. In our example above, instead of automated propagation of
the beliefs due to changes in the assumption, the user may be notified to highlight the decision about

the location of the sports section needs to be reexamined.
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2.6 Related Work

Many tools for capturing design rationale proposed in the literature use argumentation models such
as issue based information systems gIBIS [65]. Tools such as [65] and IBE [67] provide only passive
support for the capture of rationale. In contrast, we advocate active support for both capture and use
of history. Our work is similar in spirit to that of the SYBYL project [68] in providing automated
reasoning tools. Our work extends this support further by providing mechanism for distributed
coordination with annotation and authoring, as well as providing links between artifacts and design
history. The need for hypermedia annotation of artifacts has been suggested by prior research [69].
Our approach extends such proposals by documenting detailed design history in a semi-structured
way so that automated support for the use of this information can be provided. This research differs
from earlier work on the capture of semi-structured history information exemplified by tools that
support IBIS and its extensions [47, 65] in its focus on providing a tight integration between the
process knowledge and the artifacts themselves. In the domain of information product development,
the tight integration between the process knowledge components and artifacts themselves can be
maintained. The synthesis of a design solution can readily be supported when the context for the
design decisions change. Thus, whereas the focus of decision support in the current research is the
synthesis of information products, prior research has concentrated on providing access to history to
help design teams working in the later phases of a project or a future project. The scope for
opportunistic planning and synthesis are high in IPD [9] and our decision support tools are geared
towards supporting these activities. Recent studies on the use of structured argumentation techniques
to capture organizational memories suggests that complex models are appropriate for some “wicked”
problems whereas simpler schemes are more appropriate for other contexts [70]. This finding
supports our approach of supporting the capture and use of history at multiple levels of abstraction
or detail. Though the WWW has emerged as an important medium for the production and delivery
of information products, the current WWW infrastructure has several missing elements for the
development of annotation systems. We have proposed an annotation system that complements the
capabilities currently available on the WWW.

2.7 Limitations and Future work

The capture of knowledge about the history of development can be very expensive. However, studies
in the domain of software engineering (such as [71]) document the feasibility and usefulness of such
efforts even in large-scale projects. Even in domains where the tight integration of design process
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knowledge and the artifacts cannot be easily maintained, the benefits of maintaining comprehensive
design history have been observed [72]. Due to the tight integration between process knowledge and
the information products themselves, the benefits of design history information can be significantly
higher. Bellander [19] notes that such a process oriented approach to publishing is generalizable to a
certain level of granularity for all companies developing such products. While our example discussed
a scenario involving layout and content issues in the development of information products, it can
also be applied to other IPD processes such as color configuration in the product planning stages,
“repurposing” components of an information product and distribution [19]. However, detailed
empirical studies crucial to establish the effectiveness of the approach proposed here is the subject of

ongoing research.

We are also exploring ways to support the non-intrusive capture of process knowledge with
mechanisms such as concept classification of group meeting transcripts and electronic mail
exchanges. Such automated support for the use of captured knowledge is likely to greatly enhance
the usefulness of this knowledge. We seek to provide stakeholders in IPD with comprehensive

support tools for facilitating effective groupwork.

Our future work is planned in two phases as follows:

* Inphase I, our primary objective is the development of a knowledge management system to
facilitate the creation and use of process knowledge documenting traceability to critical outputs
of an acquisition activity. We focus on developing such a system centered around the concept of
traceability defined as the ability to follow the life of a (physical or conceptual) object,
from its origins to its use

» Inphase 11, a traceability based process knowledge management system will be used to create a
knowledge network, i.e., a network of people and information systems associated with
collaborative, knowledge intensive tasks. Such a process knowledge management system should
provide mechanisms for creating, finding, packaging, maintaining, and applying both tacit and

explicit knowledge.

The first phase of the planned work is motivated by our recent work on the development of
reference models and tools for requirements traceability in large-scale systems development. This work
demonstrates that the efficiency and effectiveness of traceability as a mechanism for managing

complex processes. Extending this work, suggest that traceability gives essential assistance in
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understanding the relationships that exist within and across various artifacts produced during the
acquisition process. These relationships help establish that trace of the process through which critical
acquisition decisions are made and help ascertain how and why outputs of an acquisition process
satisfy stakeholder requirements. In short, traceability is a characteristic of an acquisition activity in
which the requirements are clearly linked to their sources and to the artifacts created by the
acquisition process.

Formally speaking, a traceability system can be defined as a semantic network in which nodes
represent objects (also stakeholders and sources), among which traceability is established through
links of different types and strengths. However, this begs the question which node and link types
should be defined to support specialized activities such as acquisition activities. We propose the use of
empirically derived reference models for traceability among objects, stakeholders and sources in
acquisition activities.

Our extensive studies on theoretical and empirical foundations of traceability practice in system
engineering suggests such an approach. This will involve the development of reference models
comprising the most important kinds of traceability links for various acquisition tasks. Reference
models are prototypical models of some application domain, usually organized according to some
underlying basic metamodel. The purpose of reference models is to reduce significantly the task of
creating application-specific models and systems: the user selects relevant parts of the reference
model, adapts them to the problem at hand, and configures an overall solution from these adapted
parts. Reference models are therefore an abstraction of best practice and derive their relevance from
the slice of practice they cover. The references models developed in this study will be developed
within the context of complex acquisition activities to address the research questions identified
above. Further, the traceability links so derived can be classified to develop more concrete semantics.
With such a well-defined reference model, we can construct and validate a process knowledge
management system to support the tasks of various participants in the acquisition process, also
specifically addressing the dimensions addressed in the research question

An important aspect of the proposed project is the use of the KM infrastructure developed to
develop a knowledge network to support acquisition. The KM system developed in this research
aims at capturing organizational knowledge in its most complete form to facilitate knowledge
networking. This system can be tailored to support knowledge networking among distributed
collaborative development team members. Using its web interface, a Web-based knowledge
networking environment can be supported, in which the various participants can conduct
deliberations leading to product development decisions. Using the system's ability to handle
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multimedia, a distributed multimedia annotation system to facilitate thick descriptions of knowledge
in a knowledge network can be developed. Further, the consistency of the captured knowledge can
be maintained with a reason maintenance system. We further propose the integration of the tool with
collaboration tools such as NetMeeting to facilitate synchronous knowledge exchange as well as with
tools used in the normal work environment such as Rational Rose and Microsoft Office to help the
capture and use of knowledge without loss of context. This project recognizes that to facilitate
indexing, retrieval, integration, and understanding the various user categories in the knowledge
network, information components that address that various facets (What, Who, Where, How, Why
and When dimensions) must be addressed.
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